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Abstract 
The population size of the native European crayfish species has 
greatly decreased in the last century due to the crayfish plague and 
replacement by imported species, the destruction of their habitats, 
overfishing and eutrophication. I  the present paper, the activity be- 
haviours of two European (Astacus astacus and A. leptodactylus) 
and two American crayfish species (Orconectes limosus and Paci- 
fastacus leniusculus) of the family Astacidae are studied and com- 
pared. The four crayfish species are not exclusively active during the 
night. The day-activity ofthe American crayfish species P. leniuscu- 
lus and O. limosus with 33% and 22% of their total activity was 
much higher than those of A. astacus (12%) and A. leptodactylus 
(16%). All species how a relative high activity at a water tempera- 
ture of 4 °C. From measurements at 25 °C and 30 °C can be conclud- 
ed that P. Ieniusculus and A. leptodactylus are better adapted to high 
temperatures than A. astacus and O. limosus. At 20 °C the covered 
distance by the four species was calculated from the activity time 
and running speed. A. leptodactylus covers a distance of about 1600 
m per day. In constrast, he distance covered by P. leniusculus i  only 
200 m. Thirteen biological parameters, including the findings in the 
activity behaviour, are summarized and discussed as an attempt to 
describe the causes and mechanisms of species replacement. 
1. Introduction 
Since the outbreak of the crayfish plague in 1860 caused by 
the fungus Aphanomyces astaci SHIKORA in Europe, a con- 
tinuos decrease in the population size of the two most impor- 
tant native crayfish species has been observed: the Turkish 
crayfish (Astacus leptodactyIus ESCH.) and the noble cray- 
fish (Astacus astacus LINNE) (BOHL 1996). Austropotamo- 
bius torrentium SCHRANK is beside A. astacus the second 
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most important crayfish species in Germany (DEHUS et al. 
1999; BOHL 1999). Other European crayfish species are Aus- 
tropotamobius pallipes LEREBOULLET and Astacus pachypus 
RATHKE. The crayfish plague continues to be the greatest 
threat o the European crayfish. Reports of new plague out- 
breaks from Finland alone are received at the rate of about 
ten per year (NYLUND & WESTMAN 1993). Stocking of the 
signal crayfish (Pacifastacus leniusculus DANA) has also in- 
creased the risk for spread of the plague because this species 
shows a good resistance to the crayfish plague and can act as 
a latent transmitter for the fungus. This American crayfish 
has been stocked since 1967 because of its good growth 
rates, for example in a few hundred lakes in Finland (WEST- 
MAN 1991), in order to re-populate his waters after the native 
crayfish had been devastated by the plague. HOLDICH & 
ROGERS (1997) report hat since the early 1980s many popu- 
lations of A. pallipes - the only native crayfish species in 
Great Britain and Ireland - have been devasted by the effect 
of the crayfish plague after the introduction of P. leniusculus. 
In Sweden and Finland the crayfish fishery is still of eco- 
nomical importance. Up to the outbreak of the crayfish 
plague, the Finnish crayfish catch amounted, at its peak to 
around 20 Millions of specimens. In recent years the catch 
has been only about 3.5 Millions per year (WESTMAN 1991). 
After SVARI~SON et al. (1991), the Swedish crayfish yield was 
estimated to be about 300 t in 1990 corresponding in eco- 
nomic terms to Sweden's almon fishery. In Europe 98% of 
the consumed crayfish come from extensive systems or wild- 
catches. The farmed production is relatively low (HOLDICH 
1993). Since A. leptodactylus and especially A. astacus have 
high requirements on environmental conditions, contamina- 
tions with toxic substances and eutrophication of lakes and 
rivers have probably contributed significantly to the de- 
crease of the crayfish populations in Europe as well. Another 
important factor is the fishery itself. The collapse of the 
Turkish crayfish fishery basing on A. leptodactylus was high, 
probably not only due to the disease but to a high extent also 
to overfishing in the mid-1980s (HoLDmH 1993). 
The American river crayfish Orconectes limosus RAFI- 
NESQUE and the red swamp crayfish Procambarus clarkii GI- 
RARD are two other American crayfish species which were 
introduced into Europe. O. limosus spreads very fast in Eu- 
rope. It occurs in high densities and in almost all kind of wa- 
ters. However this species has - because of its small size - no 
economical importance. Both species - as well as Pacifasta- 
cus leniusculus - were found to harbour the fungus 
Aphanomyces astaci in their cuticle as a benign infection. 
However, they may die as a result of this parasite unter cer- 
tain unfavourable conditions. 
The introduction of these three American species has had 
already an incalculable cological impact. They are the 
transmitters of the crayfish plague and have spread in the 
habitats of A. astacus, A. leptodactylus and A. torrentium. 
In the present paper, the activity behaviours of two Euro- 
pean (Astacus astacus and A. leptodactylus) and two Ameri- 
can crayfish species (Orconectes limosus and Pacifastacus 
leniusculus) of the family Astacidae are studied and com- 
pared as a contribution to the understanding of the interspe- 
cific relation between these species. 
2. Material and Methods 
The movement activity of the crayfish was measured automatically. 
The test animals were marked with a small magnet fixed with a silver 
wire between the cephalothorax and the abdomen. The weight of the 
magnet was less than 2% of the crayfish weight. The change of the 
magnetic field caused by the movement of the animal was measured 
by a special sonde and registered automatically over 24 h on a printer. 
It was not possibIe to record the difference between locomotion and 
simple movements. Direct measurements during the night using IR- 
light (800 nm) and during the day using a mirror were necessary toas- 
sess the distance covered by the test animals during the active hours. 
The use of a special converter glass allowed the observation fthe test 
animal without disturbance because the visible spectrum of arthro- 
pods is shifted to the short wavelength (HADO~ & WEHNER 1974). 
The basin bottom was devided into small rectangles (fields) using 
white sand and the movement ofthe test animal from field to field was 
recorded on a tape. The time was registered simultaneously. The run- 
ning velocity was calculated from this information. Through continue 
measurements a  20 °C was analysed whether the crayfish show a pe- 
riodic oscillation i  the running velocity. It was found that he running 
velocity increases after the beginning of the night activity. Afterwards 
it fluctuates around a certain average. This could be only a conse- 
quence of the light change. To take this behaviour into account mea- 
surements were taken 3 hours after the beginning of the night phase. 
The covered istance war calculated from the running velocity and 
activity time assuming that he running velocity was constant. 
The whole experiment was made in a day-night-rhythm of 
12h/12h and the light-intensity during the day phase was between 
10-12 lux. Previous tudies howed that the night-activity starts at 
a light intensity of 2-3 lux. The experiment was carried out in 
standing water in a rounded basin of a size of 50x100 cm filled with 
7-10 cm of water saturated with 80-100% of oxygen. Its bottom was 
covered with 1-2 cm sand. The test animal which was kept without 
food into the basin at least 24 h prior to the measurement remains 
hidden most of the time during the day. A plastic tube was provided 
as hiding-place. The age of the test animals was between 3-5 years. 
The results are indicated as mean _+ standard eviation of mean. The 
statistical nalyses were carried out with ANOVA and TUKEY-Test 
used at a significance l vel of 5% (LozAN & KAUSCI-I 1998). The 
computer programm STATeasy was applied for the calculations. 
The experimental parts of this work were carried out in 1977 at 
the Institute for Hydrobiology and Fishery of the University Ham- 
burg. The results remain till now unpublished. The whole 
manuscript in German language can be found in the library of this 
institute (LOZAN 1977). 
3. Results 
3.1. Movement activity at different water 
temperatures 
The activities of the four studied crayfish species in minutes 
per day at six different water temperatures are summarized in
Table 1. The individual variability is very high. However, it 
can be observed that P. leniusculus has the shortest otal ac- 
tivity at each of the six water temperatures. 
All four crayfish species show their maximum activity at 
20 °C. They are still active at 4 °C and their activity time at 
this water temperature is 20% or more of the observed maxi- 
mum at 20 °C. The registered ifferences at 25 °C are more 
obvious. From 20-25 °C A. astacus hows a decrease in activ- 
ity of 62% and O. limosus shows a decrease of 50%. In con- 
trast to these species, the activity decrease in A. leptodactylus 
and P. leniusculus amounts to only 35 % and 26% respectively. 
In order to test whether the differences were significant 
the means for the 37 measurements were calculated for each 
species. 
The weighted means of the movement activities per day in 
descending order: 
A. leptodactylus (411 min/day) 
O. limosus (394 rain/day) 
A. astacus (327 rain/day) 
P. leniusculus (281 rain/day) 
The differences between A. leptodactylus and O. limosus 
were not significant. The mean activity of A. leptodactylus 
and O. limosus was significantly higher than the activity of 
A. astacus and P. leniusculus. With a mean of 281 nfin/day, P. 
leniusculus hows a significant lower activity in relation to 
the other three species. 
In order to analyse better the observed differences, the 
total movement activity per day (Table 1) for all six water 
temperatures was divided into day- and night-activity 
(Fig. 1), and the means for the 37 measurements for each 
species were calculated. 
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Table 1. The total movement activities (in min/day) of four crayfish species (males). n= Number of different animals of each crayfish species 
used for the different water temperatures. Some of them were utilized at different water temperatures. 
A. astacus A. leptodactylus O. limosus P. leniusculus 
°C n x + sx x + sx x + sx x + sx 
4 4 106 11 160 21 151 20 98 9 
8 5 243 25 324 17 314 31 202 21 
12 6 329 15 411 29 442 32 268 15 
15 9 392 25 449 27 483 23 284 13 
20 9 472 18 557 39 492 31 404 38 
25 4 181 27 361 13 248 25 297 32 
Weighted 
means (n = 37) 327 _+ 22 411 _+ 23 394 _+ 23 281 _+ 18 
The weighted means of the night-activity (in min/12h) in de- 
scending order: 
A. leptodactylus (362 +_ 20 min/12h) 
O. Iimosus (309 + 20 min/12h) 
A. astacus (275 -+ 21 min/12h) 
P. Ieniusculus (187 + 12 min/12h) 
The weighted means of the day-activity (in min/12h) in de- 
scending order: 
P. leniusculus (94 _+ 8 min/12h) 
O. limosus (85 +- 7 min/12h) 
A. astacus (53 _+ 6 mirdl2h) 
A. leptodactylus (50 -+ 6 mirdl2h) 
The differences between the four species in the activity 
during the night were significant, except for the difference 
between O. Iimosus and A. astacus. The longest mean activi- 
ty of 362 mirdl2h is shown by A leptodactylus. P  Ieniuscu- 
lus is on average only 187 min active during the night. It cor- 
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The results from the measurements during the day are 
completely different from those during the night. P. lenius- 
culus and O. limosus are significantly more active than the 
other two species. The day-activity of A. leptodactylus 
corresponds to about 50% of the day-activity of P. lenius- 
culbls. 
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Fig. 1. Activity (in mirdday) of 
four crayfish species at six differ- 
ent water temperatures. 
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The two American species (P. leniusculus and O. limosus) 
show also a high adaptation to day-activity. Their day-activi- 
ty was on average about 34% and 22% respectively of the 
total activity time. The two European species studied show 
with 16% (A. leptodactylus) and with 12% (A. astacus) of the 
total activity a similar low day-activity. 
3.2. Running velocity and covered distance 
Complementary to the experiments about movement activi- 
ty, measurements were carried out to estimate the running 
velocity of the four crayfish species. The water temperature 
chosen for this study was 20 °C. 
Five male crayfish of each species were taken for this study. 
Results (in cm/min) are given in descending order: 
A. leptodactylus (285.28 -+ 6.77 cm/min) 
O. limosus (134.83 _+ 7.25 cm/min) 
A. astacus (84.27 -+ 6.60 cm/min) 
P. leniusculus (47.22 _+ 6.68 cm/min) 
All means were significantly different. The running ve- 
locity of P. leniusculus amounts only to about 14% of the 
mean running velocity ofA. leptodactylus. 
Additionally, the covered distance was calculated using the 
activity values at 20 °C from Table 1 and assuming that the 
velocity during the whole activity phase was constant. The 
following results (in meters per 24 h) were obtained: 
A. leptodactylus (1587 m/day) 
O. limosus (664 m/day) 
A. astacus (396 m/day) 
P. leniuscuIus (190 m/day) 
3.3. Activity behaviour and distance covered 
by young and adult Astacus astacus 
In order to find out whether the activity behaviour de- 
pends on the age of the chosen animals, the following exper- 
iment was carried out. Two animal groups of mature male 
A. astacus from different length groups were taken. The size 
of the young specimens (total length; n = 5) was 75-86 mm 
and of the adult specimens (n = 5) 108-112 ram. The water 
temperature chosen was 20 °C. 
The mean movement activities for both groups were: 
Young 464 _+ 21 min/day; adults 483 _+ 33 min/day. The dif- 
ferences are not significant. 
However, both groups show significant differences in the 
running velocity: 
Young 84.3 _+ 6.6 cm/min; adults 41.8 _+ 6.9 cm/min. 
The mean distance covered was: 
Young 391 m/day; adults 202 m/day. 
4. Discussion 
4.1. Activity behaviour 
The results show that the four crayfish species of the family 
Astacidae are not exclusively active during the night. The 
European species A. astacus and A. leptodactylus have 12% 
and 16% of their total activity time during the day. However, 
the day-activities of the American species P. leniusculus with 
33% and O. limosus with 22% of their total activity time are 
higher. These findings confirm the observations of STREMPEL 
(1974), who describes that the signal crayfish (P. lenius- 
culus) was feeding actively during the day and during the 
night, whereas the noble crayfish (A. astacus) feeded almost 
exclusively during the night. PIEPLOW (1938) obtained al- 
most similar amounts of O. limosus in catches during day 
and night times. In spite of the adaptation to a day-activity 
the crayfish avoid habitats with high light intensity. ABRA- 
HAMSSON ~; GOLDMAN (1970) found in Lake Tahao the high- 
est densities of P. leniusculus at a water depth between 
10-20 m and the lowest densities between 0-10 m. 
From the measurements at 25 °C and some observations 
at 30 °C it can be concluded that P. Ieniusculus and A. lepto- 
dactylus are very resistent to high temperatures. This is cor- 
related with the geographical distribution of these species. A. 
leptodactylus occurs in south-eastern Europe and P. lenius- 
culus in north-western America in waters with peak tempera- 
tures of 25-30 °C. According to BECKER et al. (1975) the 
lethal temperature of P. leniusculus which was adapted at 
30 °C lies between 32 °C and 33 °C. In contrast to this, A. as- 
tacus is very sensitive to high water temperatures. Itsactivity 
decreases strongly from 20 °C to 25 °C water temperature, 
and at 30 °C it shows signs of disturbances. All species indi- 
cate a relatively high activity at 4 °C. However, for a good 
recruitment the crayfish need warm waters. So A. astacus re- 
quires, under natural conditions, awater temperature l vel of 
15 °C for at least 55 days during the summer months for a 
successfull reproduction (PuRSIAINEN • ERKAMO 1991). 
Measurements of the movement activity were carried out 
at six different water temperatures in order to quantify more 
exactly the differences between the four crayfish species. A. 
lepodactylus and O. limosus are on the average significantly 
more active than A. astacus and P. leniusculus. Another im- 
portant finding of the this study is the observation that P. le- 
niusculus shows a very low activity in all water tempera- 
tures. Males were used as test animals. No differences in the 
duration of the movement activity between females and 
males were found (LozAN 1977). 
Animals in a stage before or after the molt were not taken 
for the measurements. Because growth, life-span and age of 
maturity of the four studied crayfish species are different, the 
choice of the test animals was not easy. The animals used for 
the experiments were taken from the most frequent length 
groups in the crayfish catches. So, the biological and physio- 
logical age of the test animals could be different. This has to 
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be taken into account in the interpretation of the results. It 
can be assumed from the measurements in chapter 3.3. 
(young and adult specimens) that the activity time does not 
change significantly with age, but that running velocity and 
covered istance may change with age. The experimental re- 
sults in this chapter confirm the findings of CU~RZIS (1974) 
who observed in nature differences in migration between 
young and old mature noble crayfish. The youngest animals 
covered longer distances. As indicated by these experiments 
this must be a result of higher running velocity rather than 
that of a longer activity time. 
The running speed for A. leptodactylus (285 cm/min), O. 
limosus (135 cm/min), A. astacus (84 cm/min) and P. lenius- 
culus (47 cm/min) indicated significant differences. If we 
consider the known growth rates (see Table 2) and the actual 
size of the chosen test crayfish, it can be concluded that A. 
leptodactylus (105-108 ram) and O. Iimosus (75-89 ram) are 
probably older than A. astacus (75-86 ram) and P. leniuscu- 
lus (95-105 ram). The covered istance calculated from the 
activity time and running velocity at 20 °C shows the same 
rank position of the species, but the differences become larg- 
er because the more active species have a higher unning ve- 
locity as well. So, the migration distance ofA. leptodactylus 
at 20 °C is about 1600 m/day and of A. astacus around 
400 m/day. These results agree with the observations of 
KOSSAKOWSKI (1965) who carried out marking experiments 
in situ with two of these crayfish species. He found that A, 
leptodactylus migrates over much longer distances than A, 
astacus. Only the short mean migration of P. leniuscuIus 
(200 m) is difficult to explain. Since P. leniusculus has a 
higher growth rate than the other three studied crayfish 
species, its food requirements have to be higher as well. Be- 
cause of its low locomotion activity it probably spends less 
energy than the other species. P. leniusculus has to be more 
efficient in finding food in a smaller area and more efficient 
as well in food digestion. To answer these questions addi- 
tional research studies are required. 
From these results the stocking for restauration ofA. asta- 
cus stocks has to be carried out with juveniles in many differ- 
ent water positions in order to re-populate the whole water 
system because of its low instinct of migration. For the 
stocking of waters with A. leptodactylus this seems to be not 
necessary. 
4.2. Replacement of the native crayfish by 
the introduced American species 
In Table 2 important biological data of the four species from 
this and other studies are presented. The American species 
(0. limosus and P. Ieniusculus) have a higher growth rate and 
egg production and reach their sexual maturity at a lower age 
than the European species A. astacus and A. leptodactylus. If 
all parameters are compared it can be concluded that A. asta- 
cus is especially threatened. The population size of the noble 
crayfish A. astacus has greatly decreased in the last 140 
years because of crayfish plague, destruction of its habitats 
and contamination. The stocking of P. leniusculus which has 
become more intensive in the last years will probably accel- 
erate this trend. A replacement of A. astacus through P. le- 
niusculus has been observed in Finnish, Swedish and Nor- 
wegian lakes. SOD~RBACK (1991, 1995) studied the possible 
causes and mechanisms in a Swedish lake where both 
species occur together. He found a higher frequency of non- 
lethal injuries in A. astacus. He carried out experiments and 
interprets them as an aggressive dominance of P. leniusculus 
during interspecific interactions. The observation of a dra- 
Table 2. Biological parameters ofthe important four crayfish species living now in Europe. 
European crayfish species 
A. astacus A. leptodactylus 
American crayfish species 
O. limosus P. leniusculus 
Maturity approx. 4years, 34  years, 1 year 2-3 years, 
70-80 mm 70-85 mm 55-60 mm 80-85 mm 
Number of eggs ca. 270 108-520 ca. 360 300-400 
Egg size [mm] 2.5-3.5 2.0-3.0 1.5-2.0 1.5-2.0 
Length of 3 year old males in wild 60-70 mm 75-85 mm 60-70 mm 80-90 mm 
Density [Ind/m a] under natural conditions 1.65 10-15 up to 77 1.4 
Resistance against crayfish plague none low high high 
Environmental demands very high high low high 
Life-span in years ca. 20 ca. 20 6-7 ca. 20 
Aggressive dominance* high low-high low very high 
Day activity low (12%) low (16%) high (22%) high (33%) 
Migration low very high high very low 
Temperature adaptation low high middle high 
Cannibalism* high low low very high 
* After SODERBACK (1995). 
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matic change in relative abundance of the two species in the 
studied lake during the last years support a competitive x- 
clusion hypothesis. Poor recruitment in A. astacus was prob- 
ably caused by the interspecific ompetition and predation. 
SKU~DAL (1995) recommends strict regulations on introduc- 
tion, trade and measures to prevent he spread of diseases; 
also habitat protection and restoration are an imperative ne- 
cessity to protect he native European crayfish species. 
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